Spodoptera litura is an emerging insect pest in a wide range of crops worldwide. The insect is difficult to control because of resistance development to synthetic insecticides and emerging resistance to Bacillus thuringiensis toxins. Therefore, there is a need to develop biological control agents, preferably from an indigenous source to avoid risks associated with the importation of exotic natural antagonists. A Pakistani isolate of S. litura nucleopolyhedrovirus (SpltNPV, Baculoviridae), SpltNPV-Pak-BNG, was obtained from the field and characterized biologically and genetically, and compared to a SpltNPV reference isolate, SpltNPV-G1, thought to be of Chinese origin. The dose-mortality response (LD 50 ) of SpltNPVPak-BNG was not significantly different from that of the reference isolate SpltNPV-G1, but the time-to-death (LT 50 ) was significantly shorter for SpltNPV-Pak-BNG than for SpltNPV-G1. DNA restriction enzyme profiling indicated that SpltNPV-Pak-BNG and SpltNPV-G1 are different viruses. Sequence analysis of 'ORF24', specific for SpltNPV (and S. littoralis NPV as ORF21), and the conserved baculovirus core genes polyhedrin, DNApol, pif-2 and lef-8 confirmed that this was indeed the case and that SpltNPV-Pak-BNG is a genuine SpltNPV variant, whereas the SpltNPV-G1 isolate we used is, in fact, a SpliNPV variant, renamed to SpliNPV-G1. The newly isolated SpltNPV-Pak-BNG has the potential for development as a biocontrol agent of S. litura in Pakistan.
Introduction
Insect-pathogenic baculoviruses offer great potential for biological insect pest control in agriculture because they are host specific and do not harm non-target organisms, including pest natural enemies or pollinators. They are, therefore, highly compatible with integrated control strategies. They can be easily produced at both the industrial as well as the farm scale (Inceoglu, Kamita, & Hammock, 2006) .
A limited number of baculoviruses is used around the globe (Haase, Sciocco-Cap, & Romanowski, 2015; Moscardi, de Souza Lobo, de Castro Batista, Moscardi, & Szewczyk, 2011; Sun, 2015) because practical limitations hamper their commercial development. These include low speed of kill as compared to chemical insecticides, narrow host range and unavailability of suitable isolates for commercialization (Erlandson, 2008; Szewczyk, Hoyos-Carvajal, Paluszek, Skrzecz, & Lobo de Souza, 2006) . Baculoviruses have been genetically engineered to improve the insecticidal properties (Inceoglu et al., 2006) . However, to date, no genetically modified baculovirus-based insecticide is commercially available (Beas-Catena, Sanchez-Miron, García-Camacho, Contreras-Gomez, & MolinaGrima, 2014) . The search for wild-type isolates with good insecticidal properties remains, therefore, necessary to unlock the potential of baculoviruses for biological pest control.
The oriental leafworm Spodoptera litura is an important pest in vegetable crops in Asia and the Indian subcontinent. It is also an emerging pest in cotton occupying the niche left following the effective control of Helicoverpa armigera by Bt cotton (Naik, Subbanna, Suneetha, & Krishna, 2015; Wan, Wu, Huang, Yu, & Wu, 2008) . A Chinese isolate of S. litura nucleopolyhedrovirus (SpltNPV ZHU strain) was originally collected from dead larvae of S. litura in a cotton field near Guangzhou in China in 1976 (Pang, 1994) and its genome was completely sequenced (Pang et al., 2001 ). This isolate is considered the prototype SpltNPV (King, Lefkowitz, Adams, & Carstens, 2011) and was called SpltNPV-G2. Later, this isolate was developed into a commercial bioinsecticide and registered under the trademark 'Chongwen No. 1' in 1996 (Pang et al., 2001; Sun, 2015) . A number of SpltNPV isolates have been isolated in Japan (Takatsuka, Okuno, Nakai, & Kunimi, 2003) and one of them is being used as microbial insecticide (Hasumon Tenteki, Nippon Kayaku Group; Mitsuhashi 2009) . Similarly, in Taiwan and India, SpltNPV has been developed as insecticide against S. litura in vegetables, peanut, cotton and rice (Das & Durga, 1996; Moscardi, 1999) . There are no reports that SpltNPV has been used in Pakistan and the virus-based insecticides available in other parts of the world would be a possible option of controlling S. litura. However, the use of exotic nucleopolyhedroviruses may have an adverse impact on naturally occurring SpltNPVs (Muñoz & Caballero, 2000) . Indigenous isolates are hence preferred, provided they have sufficient insecticidal properties. In this paper, we describe the first indigenous SpltNPV isolated from Pakistan (SpltNPV-Pak-BNG) and determine some of its basic molecular and biological properties.
We compare the biological activity of SpltNPV-Pak-BNG with an in vivo cloned isolate of a Chinese strain of SpltNPV. This isolate is called here SpltNPV-G1. The viral DNA of both SpltNPV isolates was characterized by restriction enzyme analysis and by specific fragment sequencing to confirm their identity. The biological activity of SpltNPV-Pak-BNG and SpltNPV-G1 was characterized by comparing the dose-mortality (LD 50 ) and time-to-death (LD 50 ) responses in third instar larvae of S. litura. We conclude that SpltNPV-Pak-BNG is a superior candidate as a biocontrol agent of S. litura in Pakistan and that SpltNPV-Pak-BNG and SpltNPV-G1 are variants of different NPV species.
Materials and methods

Insects
An S. litura colony, further referred to as the NARC colony, was maintained in the insectary of the National Agricultural Research Centre (NARC), Islamabad, Pakistan, at 26 ± 2°B C, 50-60% relative humidity and 14h:10h day-night photoperiod on a semi-synthetic diet. The colony was started using S. litura pupae from the Entomology Department, University of Arid Agriculture, Rawalpindi, Pakistan. The insect colony was cultured in the insectary for up to five generations without symptoms of infection before the insects were used in experiments. The culturing was done aseptically to the extent possible to avoid contamination by viruses or other pathogens.
Virus isolates
Two isolates of SpltNPV were used in experiments: SpltNPV-Pak-BNG and SpltNPV-G1. The SpltNPV-Pak-BNG isolate was collected from cotton in the Bahawalnagar district of Punjab, Pakistan, on 18 October 2011. A Chinese reference isolate, SpltNPV-G1, was kindly provided by Dr J. A. Jehle (Darmstadt, Germany) as occlusion body (OB) suspension. The name SpltNPV-G1 is used here for the first time.
Virus amplification and purification
The two virus isolates were both amplified in third instar larvae of S. litura. OBs were isolated from the cadavers as described by Cory, Green, Paul, and Hunter-Fujita (2005) with slight modifications. The cadavers were macerated in 500 μl milli-Q water using 0.1% SDS and filtered through three layers of muslin-cloth to clear large insect debris. The sample was subsequently centrifuged for 5 min at 400g in a table-top centrifuge to remove smaller insect debris. The supernatant containing OBs was saved and the debris extracted once more using 0.1% SDS. Supernatants of the two steps were combined and centrifuged for 20 min at 3500g to sediment the OBs. The OBs were re-suspended in 200 µl milli-Q water and stored at −20°C until required. OBs were counted in a Neubauer hemocytometer in a Leitz microscope. , 3 × 10 7 and 3 × 10 10 OBs/ml were prepared by counting the OBs in the virus suspension using a Neubauer haemocytometer in a phase contrast light microscope. Three replicates were counted.
2.5. Biological activity of SpltNPV-Pak-BNG and SpltNPV-G1 in S. litura L3 2.5.1. Dose-response Biological activity was characterized by measuring the dose-mortality response (LD 50 ) and time to death (LT 50 ) of SpltNPV-Pak-BNG and SpltNPV-G1 in S. litura third instar larvae (L3). For each replicate, 30 newly moulted third instar larvae were placed in Petri dishes and starved for 15 h (overnight). The larvae were then fed a leaf disc with the virus suspension. Fresh tender leaves of Ricinus communis were cut into 3 mm 2 pieces and placed on 1% plant agar in 24-well tissue culture plates. Viral doses of 1 × 10 3 , 3 × 10 3 , 1 × 10 4 , 3 × 10 4 , 1 × 10 5 and 1 × 10 8 OBs/ml/larva were applied to the leaf disks by pipetting 3 or 3.33 µl of the appropriate stock solution on the leaf disk. The starved larvae were exposed to the inoculated leaf discs for 24 h at 26 ± 2°C in a climate chamber. Inoculated larvae that had eaten the whole leaf disc were transferred individually to six-well tissue culture plates with artificial diet plugs. The wells were covered with Parafilm, tissue paper and the original lid to prevent escape. Larvae were incubated at 26 ± 2°C and a 14h:10h day-night photoperiod in a climate chamber, and mortality was observed after 24 h in first two days and subsequently every 12 h until death or pupation. Three replicates were conducted. Each replicate included a control treatment in which the insects had been mock-inoculated.
Statistical analysis: dose-response
The lethal concentration (LD 50 ) causing 50% larval mortality in each of the three replicates was calculated with Probit analysis (Finney, 1971 ) using the software program PoloPlus (Robinson, Preissler, & Russell, 2003) . LD 50 values of the two virus isolates were compared using t-tests at p = .05 for each replicate. An analysis of the data with PoloPlus using the pooled data of the three replicates was also conducted. Logistic regression (Crawley, 2013; Zuur, Ieno, & Smith, 2007) was used to conduct a stratified analysis of the dose-mortality data of the three replicates, accounting for both virus genotype and replicate effects as categorical factors with two and three levels, respectively. Six logistic regression models were fitted to the data: (1) Table 1 ). The logistic regression was conducted using the function glm in R (R Core Team, 2015) .
The model formula for logistic regression is:
where β i values are regression coefficients, and x i values are independent variables. Virus genotype and replicate were entered as categorical variables, while dose was entered as a transformed variable: x = e log(dose + 1). The goodness of fit of different logistic models was assessed using Akaike's information criterion. The significance of parameters in nested models was assessed using the chisquared test (Crawley, 2013) . Table 1 . Overview of logistic regression models fitted to the dose-mortality data of SpltNPV-Pak-BNG and SpltNPV-G1 in S. litura L3. (5) 2.5.3. Statistical analysis: survival data Survival was measured at a viral dose of 1 × 10 8 OBs/ml/larva, which caused 100% mortality in all replicates. Data of each replicate were analysed using the survival analysis procedure in SPSS 21.0 (IBM Corp., 2012). The time required for the virus isolates to cause 50% larval mortality (ST 50 ) was determined using the Kaplan-Meier estimator. The logrank test was used to test for difference in survival between virus isolates. A survival analysis with pooled data was also conducted in SPSS. Finally, a stratified analysis accounting for replicate effects was conducted using Cox' proportional hazards model using the R package 'survival' (Crawley, 2013; Therneau, 2015; Therneau & Grambsch, 2000) .
Genetic analysis
Additional cleaning of OBs was performed to extract DNA. A purification buffer (TE pH 7.5, 0.5% SDS, 0.1% Triton-X100) was added to the OB suspension and placed at 37 o C for 1 h in a shaking incubator. The suspension was subsequently centrifuged at room temperature for 10 min at 5300 rpm. Pellets were re-suspended in 2 ml milli-Q water. A volume of 4 ml sucrose cushion (30% w/v) was pipetted in 12 ml tubes. Then, the OBs suspension was poured gently over the sucrose cushion and centrifuged at room temperature for 15 min at 5300 rpm. The pellets were washed twice with 5 ml milli-Q water and spun down at room temperature for 8 min at 5300 rpm. The OB-containing pellets were re-suspended in 2 ml milli-Q water in a clean tube.
Extraction of occlusion-derived virus from OBs
A viral dose of 5 × 10 8 OBs in 2 ml of milli-Q water was mixed with an equal volume (2 ml) of OB dissolution buffer (0.1M Na 2 CO 3 ; 0.01M Na 2 EDTA; 0.17 M NaCl pH 10.8) and incubated for 10 min at room temperature until OB dissolution was completed (monitored by eye or phase contrast microscopy). The suspension was then neutralized by the addition of 1/10th volume (450 µl) of 0.5 M Tris-HCl pH 7.5. The tube was placed on ice to reduce enzymatic activity. Insoluble debris was removed by low-speed centrifugation (2 min, 800g). The supernatant was transferred in an SW32 tube. Pellets were again flushed with 5 ml of 0.01M Tris-HCl pH7.5 and centrifuged at 800g for 2 min and the supernatant was added to an SW32 tube.
The supernatant with released occlusion derived virions (ODVs) was then supplemented with 0.01 M Tris-HCl pH 7.5 to a volume of 25 ml and transferred to a SW32 Beckman tube. A volume of 10 ml of sucrose cushion (20%) was pipetted under the ODVs by stabbing a pipet with sucrose solution to the bottom of the tube and releasing the sucrose solution gently. The ODVs were pelleted by centrifugation in an SW32 Beckman rotor at 95,000g for 1 h. The supernatant was removed carefully and pellets were re-suspended in 500 µl of 0.01 M Tris-HCl, pH 7.5. The pellets were stored overnight at 4°C for further resuspension of the ODVs.
Extraction of viral DNA from ODVs
The ODVs (from 5 × 10 8 OBs) were incubated at 60°C for 5 min to reduce nuclease activity. The ODV sample was then incubated in 1.0% SDS (add 0.1 vol 10% SDS) and 5 mg/ml proteinase K (Sigma) at 37°C for 2 h. Viral DNA was extracted twice with an equal volume of phenol:chloroform:isoamylalcohol (50:48:2) and once with an equal volume of chloroform:isoamlyalcohol, rotated for 30 min and centrifugation for 5 min at 14,000 rpm. The phenol/chloroform phases were extracted again with 300 µl TE, rotation for 10 min and centrifugation for 5 min at 14,000 rpm. Supernatants were pooled and volume adjusted. After chloroform isoamylalchohol extraction of the phenol, the DNA was precipitated overnight with ice.
2.6.3. PCR amplification of partial 'ORF24' and polyhedrin genes Wild-type virus isolates were checked through PCR and sequencing. Previously isolated DNA from SpltNPV-Pak-BNG, SpltNPV-G1 and AcMNPV was used as templates for PCR. A primer pair that consisted of 5 ′ -GGACGGCCCGTTTGTGGAC-3 ′ and 5 ′ -GTCTCCGACGCGCTTCGTG-3 ′ was used to amplify a partial portion of the SpltNPV-specific 'ORF24' gene encompassing nucleotides 24586-25785 in the SpltNPV-G2 genomic sequence (Pang et al., 2001) . A SpltNPV-specific primer derived from the polyhedrin gene was used to confirm the presence of SpltNPV-Pak-BNG, SpltNPV-G1 and AcMNPV. This primer consisted of 5 ′ -GCGAGGCCGAC-GAGCGTG-3 ′ and 5 ′ -CGCGGGACCCGTGTATAG-3 ′ , which amplified a portion of the SpltNPV polyhedrin gene including nucleotides 131-744. The AcMNPV polyhedrin was used as control to confirm the identity of the SpltNPV isolates. Amplification reaction was performed using the PCR cycling program; step 1: 94 o C for 3 min, step 2: 94°C for 50 s, annealing temperature of 53°C for 50 s, elongation temperature of 72°C for 1 min (step 2 cycles of 10 min) and a further 35 cycles as above. PCR product was run on an agarose gel (0.7% in TAE buffer) to confirm the expected length of DNA band.
Restriction endonuclease analysis
Viral DNA (0.5 µg) was cleaved after incubation with EcoR1 (10U) and BamH1 (10U) at 37°C for 4 h. The reaction was stopped by the addition of 1/6 volume of loading buffer (2.5 µg/ml bromophenol blue and 40 mg/ml sucrose). The generated DNA fragments were separated by 0.7% agarose gel electrophoresis carried out at 20 V overnight, using 1× TAE buffer. The phage lambda Pst1 DNA ladder was used as molecular size marker.
2.6.5. DNA sequencing 'ORF24', polyhedrin, DNApol. lef-8 and pif-2 sequences of both SpltNPV-Pak-BNG and SpltNPV-G1 genomes were obtained by Illumina MiSeq V3 sequencing with 2*300 nucleotide Paired Ends reads (coverage about 4000/base on average) according to the manufacturer's instruction and de novo assembly of a consensus genome sequence. The sequences are provided in a supplementary file. The consensus sequences of the above ORFs were compared against the SpltNPV-G2 (accession number AF325155.1) and SpliNPV-AN1956 (accession number JX454574.1) in NCBI reference genome database (www.ncbi.nlm.nih.gov/genome/) and the nucleotide sequence identity tabulated.
Results
Biological activity of SpltNPV-Pak-BNG and SpltNPV-G1
Mortality increased with dose for both virus isolates (Figure 1) . The slopes were similar suggesting similar susceptibility among the larvae of S. litura for the two tested isolates of SpltNPV (Table 1 ). In the first and second replicate, the LD 50 values of the tested isolates did not differ significantly (p ≥ .05). However, in the third replicate, the LD 50 values of the tested isolates were significantly different and the hypothesis of equality was rejected (p ≤ .05). When the data of the three replicates were combined for an analysis of pooled data, the LD 50 values were not significantly different between the tested isolates (p ≥ .05) ( Table 2) .
The stratified analysis with logistic regression resulted in three competing models with similar support from the data according to AIC (ΔAIC < 2) ( Table 3 ). The competing models were model 1, which assumed only a dose effect, model 2, which accounted for a dose effect and a difference between the two virus genotypes, and model 5, which accounted for interactive effects of virus strains and replicates (Table 3 ). The chi-squared test was used to test the significance of the virus effect in model 2 when compared to the null model 1. The difference in deviance of 2.24 was not significant (p > .05) (Table 4) . Likewise, the reduction in deviance when adding the interaction was not significant (Table 4) . Hence, logistic regression supports the conclusion that the two virus genotypes have a similar dose response, which is in agreement with the probit analysis of pooled data done in PoloPlus.
A viral dose of 1 × 10 8 OBs/larva was used to observe the time mortality response (ST 50 ). This dose achieved 100% mortality in third instar larvae of S. litura. In each of the three replicates of the experiment, survival was shorter after exposure to SpltNPV-BNG than after exposure to SpltNPV-G1. In the first replicate, the median survival time (ST 50 ) (Kaplan-Meier estimator) was 96 h post infection (hpi) for SpltNPV-Pak-BNG and 108 hpi for SpltNPV-G1, significantly different according to the log-rank test (p = .044) (Figure 2(a) ). In the second replicate, the ST 50 was 84 hpi for SpltNPV-Pak-BNG and 108 hpi for SpltNPV-G1, significantly different in the log-rank test (p ≤ .0001) (Figure 2(b) ). In the third replicate, the ST 50 was 84 hpi for SpltNPV-Pak-BNG and 108 hpi for SpltNPV-G1, again significantly different in the log-rank test (p = .02) (Figure 2(c) ). When pooling the data of the three replicates, the ST 50 was 84 hpi for SpltNPV-Pak-BNG and 108 hpi for SpltNPV-G1 infected larvae of S. litura, significantly different in the log-rank test at p ≤ .0001) (Figure 2(d) ).
Cox' Proportional hazards model found no significant difference in survival time in replicate 1 between SpltNPV-Pak-BNG and SpltNPV-G1 (p > .05), but significant differences in survival time between SpltNPV-Pak-BNG and SpltNPV-G1 were found in replicates 2 and 3 (p < .05).
In an overarching Cox regression of the data of the three replicates, there was a highly significant effect of isolates on the survival time (p < .001), and a marginally significant effect of replicates (p = .052) but no interaction between replicates and virus isolates. The overarching Cox regression thus supports the overall highly significant difference in survival time between SpltNPV-Pak-BNG and SpltNPV-G1, identified in the analyses per replicate (Table 5) . Table 4 . Analysis of deviance of three competing models for dose-response of SpltNPV-Pak-BNG and SpltNPV-G1 in third instar larvae of S. litura. Table 3 . Ranking of the models for SpltNPV-Pak-BNG and SpltNPV-G1 in third instar larvae of S. litura. 
PCR amplification of ORF24
ORF24 and ORF21 appeared to be a unique homolog for SpltNPV (Pang et al., 2001) and SpliNPV (Breitenbach et al., 2013) , respectively, and good markers for their identity. Two sets of primers, one for the SpltNPV-specific ORF-24 gene and one for the SpltNPVspecific polyhedrin gene (Pang et al., 2001) , were used to confirm the identity of SpltNPV-Pak-BNG, SpltNPV-G1. AcMNPV was used as a negative control for the presence of SpltNPV ORF24. The 'ORF-24' set of primers annealed to DNA sequence within the coding region and produced an amplified product of 1120 bp for SpltNPV-Pak-BNG and slightly smaller amplified product for SpltNPV-G1. However, a negative response using AcMNPV DNA as template was observed. The polyhedrin-based primer annealed to DNA sequences within the coding region of the polyhedrin gene and produced an amplified product of 613bp for SpltNPV-Pak-BNG, SpltNPV-G1 and AcMNPV (Figure 3 ).
Restriction enzyme and sequence analysis
Restriction endonucleases (REN) were used to further authenticate SpltNPV-Pak-BNG and SpltNPV-G1. The electrophoresis profiles of genomes following digestion with EcoR1 and BamH1 are shown in Figure 4 . The EcoR1 and BamH1 REN profiles of SpltNPV-Pak-BNG were quite different from those of SpltNPV-G1, with very few fragments in the same position. The fragment patterns for BamH1 for both tested viruses were also very different suggesting all in all that SpltNPV-Pak-BNG and SpltNPV-G1 are different virus species.
To further investigate the nature of the two SpltNPV isolates, the sequences of 'ORF24' and four conserved baculovirus core genes, polyhedrin, DNApol, pif-2 and lef-8, were analysed from a de novo assembled consensus sequence from Illumina MiSeq analysis of the respective SpltNPV genomes and compared (Table 6 ; Appendix 1 for sequences). The SpltNPV-Pak-BNG nucleotide sequences of these genes were >98% identical to the sequence of SpltNPV-G2 (Pang et al., 2001) , whereas the SpltNPV-G1 we researched was >99% identical to the SpliNPV-AN-1956 isolate (Breitenbach et al., 2013) . The nucleotide identity of the polyhedrin, DNApol, pif-2 and lef-8 sequences of SpltNPVPak-BNG and SpltNPV-G1 were 94%, 87%, 89% and 88%, respectively (Table 6 ). The sequences of the 'ORF24' of SpltNPV-Pak-BNG and SpltNPV-G1 had a nucleotide sequence identity of 76%, which is slightly higher than reported (Breitenbach et al., 2013) for ORF24 of SpltNPV-G2 and its homolog ORF21 in SpliNPV-AN1956. Submolar bands were observed in the REN profiles of SpltNPV-Pak-BNG and SpltNPV-G1 DNA indicating mixed genotypes within the isolates analysed. On the basis of the overall REN patterns SpltNPV-Pak-BNG and SpltNPV-G1 are designated as two distinct SpltNPVs. 
Discussion
Two isolates of Spodoptera litura nucleopolyhedrosis virus (SpltNPV) were analysed and compared in this study, SpltNPV-Pak-BNG and SpltNPV-G1. SpltNPV-Pak-BNG is an authentic SpltNPV from Pakistan and a potential candidate for control of the cotton leafworm. These two viruses showed a similar dose-mortality response (not significantly different) (Table 1; Figure 1 ). The new isolate SpltNPV-Pak-BNG killed third instar larvae of S. litura about 24 h faster (84 h) than the reference isolate SpltNPV-G1 (108 h) (Table 2; Figure 2 ). The latter also holds for the dose mortality and time-todeath response of second and fourth instars (see Appendix) to SpltNPV-Pak-BNG.
Previous studies demonstrated no evidence of a difference in LD 50 and ST 50 of geographically distinct SpltNPV isolates from Japan, Vietnam, Malaysia and India collected from Figure 4 . Restriction fragment pattern of SpltNPV-Pak-BNG and SpltNPV-G1 genomic DNA using EcoR1 and BamH1. The generated DNA fragments were separated over 0.7% agarose gel electrophoresis carried out at 20 V overnight, using 1 × TAE buffer. The phage lambda Pst1 DNA ladder was used as molecular size marker. diseased S. litura larvae and an Egyptian S. littoralis NPV isolate (Takatsuka et al., 2003) . However, our results show that SpltNPV-Pak-BNG kills S. litura larvae considerably faster than SpltNPV-G1. Previous studies demonstrate that the variation in biological activity of nucleopolyhedroviruses may depend on the insect colonies (Barrera, Simon, Villamizar, Williams, & Caballero, 2011; Erlandson, 2009) . Our local S. litura biotype from the NARC colony expresses greater sensitivity to SpltNPV-Pak-BNG than to the exotic isolate SpltNPV-G1 and may be useful to study the biological properties of SpltNPVs.
The nucleotide identity of the 'ORF24'-like sequences of both viruses suggests that they are highly related and representative for SpltNPV-and SpliNPV-like viruses (Breitenbach et al., 2013; Pang et al., 2001 ). The smaller size PCR product of the 'ORF24'-like fragment with SpltNPV-G1 is due to a few gaps in the latter as compared to SpltNPV-Pak-BNG. Genetic analysis showed much large differences between the two virus isolates, for example, in the REN profile pattern. The REN pattern of SpltNPV-Pak-BNG corresponds to the REN patterns of SpltNPV-Type-B (Kamiya et al., 2004) and Japanese SpltNPVs (Takatsuka et al., 2003; Takatsuka, Okuno, Nakai, & Kunimi, 2016) on the basis of visual inspection of the REN digests. On the other hand, the SpltNPV-G1 REN profiles are very different from SpltNPV-Pak-BNG, but they appear closely related to SpltNPVType-A (Kamiya et al., 2004) and SpliNPV- AN-1956 (Breitenbach et al., 2013 . Sequence analysis of the baculovirus core genes polyhedrin, DNApol, lef-6 and pif-2 (Table 6 ) supports this observation. Therefore, the SpltNPV isolate from the Darmstadt baculovirus depository should be renamed SpliNPV-G1 rather than SpltNPV-G1. It cannot be excluded, though, that the SpltNPV-G1 was isolated originally from S. littoralis, as Takatsuka et al. (2016) also found a SpliNPV in a field isolate from Japan, which also contained a SpltNPV Sequencing of host DNA present in the Darmstadt SpltNPV-G1 sample should clarify this point (Rohrmann, 2014) .
Whole genome sequencing of both SpltNPV-Pak-BNG and SpltNPV-G1 should indicate to what extent these two viruses are variants of SpltNPV and a SpliNPV, respectively. It has been shown that large genetic variation exists between SpltNPV and a SpliNPV field isolates (Kamiya et al., 2004; Takatsuka et al., 2003 Takatsuka et al., , 2016 and that biological variation between isolates exists (Takatsuka et al., 2016) . So, it is worthwhile to obtain further SpltNPV isolates Table 6 . Pairwise nucleotide sequence identity of 'ORF24', polyhedrin, DNApol, lef-8 and pif-2 of de novo assembled SpltNPV-Pak-BNG and SpltNPV-G1 genomes from a MiSeq analysis. from the field in Pakistan for genetic and biological analysis to select the best biotype for biocontrol. In addition, this information may render further support for the supposition that SpltNPV and SpliNPV are different baculovirus species, but within the same clade. In a previous study, SpltNPV and SpliNPV were isolated from S. litura in Japan (Takatsuka et al., 2016) and found that SpliNPV is more infectious and killed S. litura larvae faster than SpltNPV. Here we find that SpltNPV-Pak-BNG is fast acting compared to SpliNPV-G1. SpliNPV-G1 may originally have been found in S. litura, as this has also been the case in Japan as mixed infections with SpltNPV (Takatsuka et al., 2016) . If our conclusion turns out to be correct, it may be advisable to use SpltNPV isolates to control S. litura rather than using SpliNPV isolates, because the former virus is fasteracting. It would also be interesting to compare these two viruses side-by-side in S. littoralis to see whether the response is reciprocal. Lastly, SpltNPV-Pak-BNG is a natural Pakistani isolate and probably better adapted to the local ecosystem.
